Insulin and insulin-like growth factor resistance with neurodegeneration in an adult chronic ethanol exposure model.
Previous studies linked cerebellar hypoplasia, neuronal loss, and impaired acetylcholine homeostasis to ethanol inhibition of insulin and insulin-like growth factor signaling mechanisms in experimental models of fetal alcohol syndrome (FAS). To determine the extent to which similar abnormalities occur in mature brains, gene expression, ligand binding, and histopathological studies were performed with temporal lobe, hypothalamus, and cerebellar cortex from adult male Long Evans rats that were pair-fed for 6 weeks with liquid diets containing 0% or 37% ethanol by caloric content. Real time quantitative RT-PCR analysis demonstrated that the chronic ethanol-fed rats had significantly reduced insulin-like growth factors (IGF)-II receptor expression in all 3 regions and reduced insulin receptor expression in the temporal lobe. However, equilibrium binding assays revealed ethanol-associated impairments in insulin and IGF-I receptor binding in all 3 regions and reduced IGF-II receptor binding in the cerebellum. These abnormalities were associated with decreased expression of Hu (neuronal loss) in the temporal lobe and cerebellum, and choline acetyltransferase (ChAT) in the hypothalamus and cerebellum, and increased expression of NADPH oxidase 3 in all 3 regions examined. Ethanol-associated neuronal loss with increased indices of lipid peroxidation and DNA damage were demonstrated by histopathological, immunohistochemical, and enzyme linked immunosorbant assay studies. These results suggest that ethanol-induced neurodegeneration in adults is mediated by insulin/IGF resistance, persistent oxidative stress, and impaired acetylcholine biosynthesis, similar to the findings in FAS. The reductions in ChAT gene expression most likely contribute to the cognitive and motor deficits that occur with chronic alcohol abuse.